Three strains, LMG 27748 T , LMG 27749 and LMG 27882 with identical MALDI-TOF mass spectra were isolated from samples taken from the brewery environment. Analysis of the 16S rRNA gene sequence of strain LMG 27748
The genus Gluconobacter belongs to the family Acetobacteraceae within the class Alphaproteobacteria and currently comprises 13 species with validly published names. Members of the genus Gluconobacter oxidize glucose to gluconic acid (De Ley & Frateur, 1970; Gammon et al., 2007) rather than ethanol to acetic acid, differentiating them from most acetic acid bacteria (AAB) (Andrés-Barrao et al., 2013; De Ley & Frateur, 1970) . They are unable to oxidize acetate to carbon dioxide and water (Yamada & Yukphan, 2008) . Strains of species of the genus Gluconobacter thus prefer carbohydrates as carbon sources, whereas other AAB such as members of the genus Acetobacter thrive in alcohol-rich environments (Vaughan et al., 2005) . Strains of species of the genus Gluconobacter are able to grow in highly concentrated sugar solutions and at low pH (Deppenmeier et al., 2002) . This capacity for growth can be detrimental, for instance when it leads to spoilage of lagers, ales, soft drinks, wines or ciders, but beneficial to the production of vinegar, red sour ales and lambic beers (Andrés-Barrao et al., 2013; Bokulich & Bamforth, 2013; Gammon et al., 2007; Raspor & Goranovic, 2008; Sakamoto & Konings, 2003 
Strain LMG 27748
T was isolated during a study of the fermentation process of acidic lambic beers. The latter beers are the product of a spontaneous fermentation, which progresses for at least two years in wooden casks. Strain LMG 27748 T was isolated on acetic acid medium (AAM), an AAB enrichment medium that consists of 1.0 % (w/v) D-glucose, 0.5 % (v/v) ethanol, 1.5 % (w/v) peptone, 1.5 % (w/v) agar, 0.8 % (w/v) yeast extract and 0.3 % (v/v) acetic acid (Lisdiyanti et al., 2003) . The medium was adjusted to pH 3.5 and supplemented with 5 p.p.m. amphotericin B and 200 p.p.m. cycloheximide to prevent fungal growth. Isolates grown on AAM were subjected to matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) as described previously (Wieme et al., 2012) . MALDI-TOF MS was shown to be useful for the identification of AAB involved in the production of vinegar (Andrés-Barrao et al., 2013) and was used as a dereplication tool in the present study. A total of 14 AAB isolates obtained from two different lambic breweries (an industrial and a traditional type located 74 km apart in Belgium) and a spoiled brewer's yeast starter culture of a third brewery displayed identical mass spectra that differed from those of established AAB species, which suggested a unique taxonomic position (data not shown).
Random amplified polymorphic DNA (RAPD) analysis of a selection of six AAB isolates representing the three breweries was performed as described by Williams et al. (1990) , using primers RAPD-270 and RAPD-272 (Mahenthiralingam et al., 1996) . The results revealed three RAPD patterns, corresponding with the three breweries ( Fig. 1) and thus indicated the presence of three genetically distinct strains. Subsequently, one isolate from each brewery was chosen for further analysis: strain LMG 27748 T representing isolates of the industrial lambic brewery, strain LMG 27749 originating from the spoiled brewer's yeast starter culture and strain LMG 27882 isolated in a traditional lambic brewery.
The 16S rRNA gene sequence of strain LMG 27748 T was determined as described previously (Snauwaert et al., 2013) . EzBioCloud analysis (Kim et al., 2012) of this 16S rRNA gene sequence revealed similarity to those of Gluconobacter albidus NBRC 3250 T (100 %), Gluconobacter kondonii NBRC 3266 T (99.9 %), Gluconobacter sphaericus NBRC 12467 T (99.9 %) and Gluconobacter kanchanaburiensis BCC 15889 T (99.5 %) (pairwise similarity values in parentheses). All 16S rRNA gene sequences were aligned using the SILVA Incremental Aligner (SINA v1.2.11) (http:// www.arb-silva.de/aligner/) (Pruesse et al., 2012) , with the corresponding SILVA SSURef 115 database (Pruesse et al., 2007) , and phylogenetic trees were reconstructed using the MEGA 5.2 software package (Tamura et al., 2011) . Tree topologies were analysed statistically using 1000 bootstrapping replications. The maximum-likelihood and maximum-parsimony trees (data not shown) showed the same topology as the neighbour-joining tree (Fig. 2) .
Because of the limited taxonomic resolution of the 16S rRNA gene in the AAB group of bacteria, the 16S-23S rRNA gene internal transcribed spacer (ITS) sequence of strain LMG 27748 T was determined using the same protocol as used for the 16S rRNA gene sequence (Snauwaert et al., 2013) . The 16S-23S rRNA gene ITS primers 16S-23S-ITS-1F 59-TGCGGCTGGATCACCTCCT-39 (positions 1522-1540 of the 16S rRNA gene, Escherichia coli numbering) and 16S-23S-ITS-2R 59-GTGCCAAGGCATCCA-CCG-39 (positions 38-22 of the 23S rRNA gene, E. coli numbering) were used. BLAST analysis (Altschul et al., 1997) of the 16S-23S rRNA gene ITS sequence revealed that the LMG 27748 T ITS sequence was similar to that of G. kondonii NBRC 3266 T (96.0 %) and G. albidus NBRC 3250 T (94.0 %) (pairwise similarity values in parentheses). Phylogenetic trees were reconstructed using the MEGA 5.2 software package (Tamura et al., 2011) . Tree topologies were analysed statistically using 1000 bootstrapping replications. The maximum-likelihood and maximum-parsimony trees (data not shown) showed the same topology as the neighbour-joining tree (Fig. S1 , available in the online Supplementary Material).
Additionally, the phylogenetic position of the taxon represented by strains LMG 27748 T , LMG 27749 and LMG 27882 was analysed using partial sequences of the housekeeping genes dnaK (encoding the chaperone protein DnaK), groEL (encoding a 60 kDa chaperonin) and rpoB (encoding the DNA-directed RNA polymerase beta subunit) (Cleenwerck et al., 2010) . Sequences of type and additional taxonomic reference strains of the genus Gluconobacter were determined to make a comprehensive multilocus sequence analysis MLSA dataset for the entire genus. Sequences of at least 654, 534 and 510 nt were generated for dnaK, groEL and rpoB, respectively. All gene sequences were aligned at the amino acid level using MEGA 5.2 software (Tamura et al., 2011) . Trees were reconstructed using the maximum-likelihood model. A discrete gamma distribution was used to model evolutionary rate differences among sites and the rate variation model allowed for some sites to be evolutionarily invariable. Tree topologies were analysed statistically using 1000 bootstrapping replications. Numerical analysis of the individual (Figs. S2-S4, available in the online Supplementary Material) and concatenated ( Fig. 3) T and NBRC 106061 T represent the same strain. Therefore, it is likely that the sequence of RBY-1 T with accession number AB540148 contains sequencing errors or that the biological material that was deposited in the NBRC culture collection does not correspond to strain RBY-1 T ( Fig. 2) (Kommanee et al., 2011) .
DNA-DNA hybridizations were performed between strains LMG 27748 T and LMG 27749 and the type strains of their nearest phylogenetic neighbours as described previously (Cleenwerck et al., 2008 T and LMG 27749 were determined as described previously (Cleenwerck et al., 2008) and were 58.0 mol% and 57.7 mol%, respectively. Gluconobacter with validly published names. Acetobacter aceti NBRC 14818 T (5LMG 1504 T ) was used as an outgroup. Evolutionary distances were computed using the maximum composite likelihood method (Tamura et al., 2004) . Sequence accession numbers are given in parentheses. Bootstrap percentages (¢50 %) are shown next to the branch points. Bar, 1 % sequence divergence.
The phenotypic characteristics of strains LMG 27748
T , LMG 27749 and LMG 27882 were determined as described previously (Cleenwerck et al., 2002) . Type strains of closely related AAB (G. albidus LMG 1356 T , G. kondonii LMG 1367 T t1, G. sphaericus LMG 1414 T and G. kanchanaburiensis LMG 26774 T ) were included as positive or negative controls. For microscopy and morphological examination of colonies, strains were grown aerobically on AAM agar at 28 u C for 48 h. The biochemical characteristics tested included a Gram-stain reaction, analysis of catalase and oxidase activities, growth on 0.3 % D-fructose, D-sorbitol, mesoerythritol, glycerol, sucrose, raffinose, L-sorbose or ethanol as the sole carbon sources, growth at 37 u C on GY agar (5 % D-glucose, 1 % yeast extract and 1.5 % agar). In addition, acid production from 1 % meso-erythritol, sucrose and raffinose was determined as described previously (Asai et al., 1964) ; results are shown in the species description.
For testing the production of 2-keto-D-gluconic acid and 5-keto-D-gluconic acid, cells were grown as described by Gosselé et al. (1980) and the presence of both keto-D-gluconic acids was determined as described by Spitaels et al. (in press ). All three strains produced D-gluconic acid, 2-keto-D-gluconic acid and 5-keto-D-gluconic acid, but not 2,5-diketo-D-gluconic acid (data not shown). (Nei & Kumar, 2000) . Sequence accession numbers for dnaK, groEL and rpoB gene sequences are given in parentheses in that order. Bootstrap percentages (¢50 %) are shown next to the branch points. Bar, 10 % sequence divergence.
characteristics, such as acid production from sucrose and raffinose and growth on ethanol as the sole carbon source (Table 1 ). The biochemical test results did not always correspond to published data. The utilization of L-sorbose and raffinose by G. kondonii LMG 1367 T t1 was as reported by Yukphan et al. (2010) (positive for L-sorbose and negative for raffinose) and differed from results reported by Malimas et al. (2007 Malimas et al. ( , 2009b . Similarly, acid production from maltose (absent) and growth on D-arabitol (present) by G. cerinus NBRC 3267 T as reported by Malimas et al. (2009b) , Tanasupawat et al. (2004) and Yukphan et al. (2010) contradicted results reported by Tanasupawat et al. (2011) . In addition, Kommanee et al. (2011) reported both characteristics as present in G. cerinus strains. These discrepant test results were obtained using the same test procedures (Asai et al., 1964; Gosselé et al., 1983; Katsura et al., 2002; Mason & Claus, 1989; Yamada et al., 1969 Yamada et al., , 1976 Yamada et al., , 1999 . Therefore, these biochemical tests appear to reproduce poorly, as observed previously by Yukphan et al. (2004) , and the inclusion of sufficient and appropriate control strains is warranted when performing them.
Numerical comparison of the MALDI-TOF mass spectra of strains LMG 27748 T , LMG 27749 and LMG 27882, and those of reference strains of their nearest phylogenetic neighbours by means of the Pearson product-moment correlation coefficient allowed a very straightforward separation of these taxa. As described above, the three strains displayed indistinguishable spectra that could be differentiated from those of species of the genus Gluconobacter with validly published names by the consistent presence of five biomarker peaks characterized by m/z values of 3253.4±4.6, 4912.4±5.9, 6371.2±7.1, 6506.3± 7.2 and 9171.0±9.3 (Fig. 4) ; some of these peaks were present in the mass spectra of strains of other species of the genus Gluconobacter, but never all five simultaneously.
In conclusion, the present polyphasic study provides taxonomic data demonstrating that the taxon represented by strains LMG 27748 T , LMG 27749 and LMG 27882 could be differentiated, by means of multiple genotypic [i.e. 16S-23S rRNA gene ITS sequence analysis (Fig. S1 , available in the online Supplementary Material), MLSA (Fig. 3) and DNA-DNA hybridization] and phenotypic characteristics [i.e. MALDI-TOF MS analysis (Fig. 4) , acid production and growth on several carbon sources (Table 1) ] using various methodologies, from its nearest phylogenetic neighbours. We, therefore, propose to assign these strains to a novel species, Gluconobacter cerevisiae sp. nov., with LMG 27748 T (5DSM 27644 T ) as the type strain. Description of Gluconobacter cerevisiae sp. nov.
Gluconobacter cerevisiae (ce.re.vi9si.a.e. L. fem. gen. n. cerevisiae of beer, referring to the source from which the three cultures have been isolated).
Cells are Gram-stain-negative, non-motile rods and are approximately 1 mm62-3 mm. Cells occur separately or in pairs. Catalase activity is exhibited, but no oxidase activity. After 48 h of incubation on AAM agar at 28 u C colonies are round, rough, brownish beige and slightly raised, with a diameter of approximately 1-2 mm. D-Gluconic acid is produced from D-glucose as well as 2-keto-D-gluconic acid and 5-keto-D-gluconic acid. Able to grow on D-fructose, D-sorbitol, meso-erythritol, glycerol, L-sorbose and ethanol (weakly) as the sole carbon source. Growth on sucrose and raffinose as the sole carbon source is variable, ranging from weak (LMG 27748 T and LMG 27882) to strong (LMG 27749). Unable to grow on glucose-yeast extract medium at 37 u C. Acid is produced from meso-erythritol and sucrose, but not from raffinose.
The type strain is strain LMG 27748 T (5DSM 27644 T ), which was isolated from fermenting lambic beer. The DNA G+C content of strain LMG 27748 T is 58.0 mol%.
